INTRODUCTION
Polyglycolic/polylactic acid (PGLA) coils are coated with bioactive microfilaments aimed at promoting aneurysm thrombosis after endovascular coil embolization. Axium MicroFX Coils (ev3; Plymouth, Minnesota, USA) contain PGLA microfilaments designed to significantly affect intra-aneurysmal flow and to encourage aneurysm thrombosis. To evaluate the safety and efficacy of the MicroFX design, we performed a multicenter prospective single-arm trial of 100 patients, AMERICA: Axium MicroFX for Endovascular Repair of IntraCranial Aneurysm study. We previously presented our shortterm results, 1 in which 83% of the 78 electively treated patients had Raymond grade I or II occlusion and 94% had a modified Rankin score (mRS) of 0-2 at time of discharge. In addition, 91% of the 22 patients with ruptured aneurysms had Raymond grade I or II occlusion and 62% had a mRS of 0-2 at discharge. Device-related complications occurred in only 2% of patients. The final results, including clinical and angiographic outcomes at 3-6 months after the procedure, have recently been completed and are presented herein.
METHODS
AMERICA is a multicenter, prospective single-arm trial evaluating the safety and efficacy of the ev3 Axium MicroFX coil system. Detailed methodology has been presented previously. 1 The trial was designed to include 100 separate aneurysms treated with Axium coils. Enrollment was initiated in April 2010 and completed in October 2012. The primary endpoint of the trial was the anatomic occlusion of the aneurysm in the immediate post-procedure angiogram based on the Raymond classification. 2 Secondary endpoints included safety during the procedure, defined as the rate of morbidity and mortality evaluated at hospital discharge; safety after the procedure, defined as the morbidity and mortality at 3-6 months after the procedure; detachment system performance, defined as the occurrence of detachment failure during the coiling procedure; stability of embolization, defined by the rate of change towards worsening Raymond grades over the follow-up period; and packing efficacy, defined as the increase of packing density calculated as the ratio of the volume of coils and the aneurysm volume, at 3-6 months after the procedure. All enrolled patients underwent coiling between April 2010 and October 2012, and scheduled follow-up clinical visits and angiographic imaging at 3-6 months' follow-up were planned. The evaluation was considered complete once patients had undergone their 3-6 month imaging and clinical follow-up; a small number of patients were followed up beyond 1 year but not within 6 months. In these patients, the last available follow-up was used as a surrogate for their 3-6 month follow-up data. Raymond occlusion grades and clinical outcome status were determined and reported by each treatment center.
Inclusion and exclusion criteria have been previously reported. 1 All aneurysms that met the inclusion criteria and did not meet the exclusion criteria were treated with a target of at least 90% Axium MicroFX PGLA detachable coils; however, all enrolled patients were followed up regardless of the achieved percentage of Axium coils used. Use of coil assist devices (eg, stents, balloons, etc) was allowed and recorded. The data collected were analyzed in an intention-to-treat manner.
An adverse event (AE) was defined as any undesirable clinical occurrence in a patient whether it was considered to be device related or not. This definition includes events occurring during the enrollment in the study right up to the last follow-up visit. All AEs reported were given a severity rating of mild, moderate or severe by the treatment center. Mild AEs were defined as an event in which the patient is aware of signs or symptoms, but easily tolerates them; of minor irritant type; causing no loss of time from normal activities; do not require medication or a medical evaluation; are transient; and/or resolve during the procedure. Moderate AEs were defined as discomfort severe enough to cause interference with, or reduce, usual activities; persist after the procedure or require treatment, but do not require hospitalization or intensive care for the patient. Severe AEs were defined as those with significant impairment of functioning; patient is unable to carry out usual activities. A device malfunction was defined as any case in which a device used during the procedure does not perform as intended when used in accordance with the 'instructions for use'.
RESULTS

Patient characteristics and procedure
Ninety-nine patients underwent treatment with PGLA coils for 100 cerebral aneurysms at 13 study centers between April 2010 and October 2012. Patient characteristics at presentation, aneurysm location, and procedural nuances have been reviewed in detail previously. 1 In brief, the mean age of the patients was 60.2 years (range 18-89 years, SEM 1.3), most patients were female (72%), 18% of enrolled patients had previously undergone treatment for a separate aneurysm, and 22% of patients underwent treatment after acute aneurysmal subarachnoid hemorrhage (SAH). Of these patients, all were Hunt and Hess grade 1-3. The majority of aneurysms were anterior circulation (86%), with the most common aneurysm locations being the anterior communicating artery (23%), followed by both the posterior communicating artery and supraclinoid artery (18% each). The mean maximum aneurysm diameter was 6.5 mm (median 6.1 mm, range 2.5-12.6 mm, SEM 0.2). The mean neck size was 3.4 mm (median 3.1 mm, range 1.5-10 mm, SEM 0.5). The average neck:dome ratio was 2.0 (range 1-3.9, SEM 0.1). Forty-eight per cent of patients underwent primary coiling, 17% underwent balloon-assisted coiling, 32% underwent stent-assisted coiling, two patients were treated with both balloon and stent assistance, and one patient underwent treatment with adjunctive liquid embolic agent. Axium coils were placed in all but one procedure (99%).
Follow-up
Of the 100 aneurysms that underwent coiling, 85% had angiographic follow-up occlusion data and 89% had clinical outcome status reported. Mean follow-up was 157.9 days (median 153.5, range 1-445, SEM 9.3 days), or about 5.2 months.
Angiographic results
Initial and final angiographic occlusions are presented in table 1. Of the 85 patients with follow-up imaging studies, 68 (80%) underwent catheter angiography, 2 (2.4%) underwent CT angiography, and 15 (17.6%) were imaged with MR angiography. At the last follow-up imaging, 90.6% of all aneurysms, 90% of unruptured aneurysms, and 93.3% of ruptured aneurysms had Raymond grade I or II occlusion. Progression to further occlusion (lower Raymond occlusion grade) occurred in 29 aneurysms (34.1%). Aneurysm recurrence occurred in 11 of 85 aneurysms (12.9%).
Although men accounted for only 24% of patients, they accounted for seven of the 11 (64%) recurrences. On logistic regression analysis, recurrence was associated with male gender (p=0.003), age ( p=0.05), and aneurysm size ( p=0.005). Smoking status, dome:neck ratio, aneurysm location, and use of assistance devices were not significant predictors of recurrence.
Four of the 11 patients with recurrences were re-treated, while the remaining seven were managed conservatively. Therefore, during the study period 4.7% of patients were re-treated.
Clinical outcome
Presentation, discharge, and final clinical outcomes based on the mRS are presented in table 2. Ninety-four per cent of patients (n=78) with unruptured aneurysms had clinical follow-up; of these patients, all but one (98.7%) had a mRS of 0-2. Sixteen of the 22 patients (73%) with SAH had clinical follow-up data; 68.7% of these patients had a mRS of 0-2. Both deaths that occurred during the follow-up period were in patients with SAH and both occurred during the initial hospitalization.
Adverse events
Delayed AEs, occurring after discharge and during the follow-up period, occurred in 10% of patients. Six patients experienced procedure-unrelated AEs, while four patients had procedurerelated AEs, of which two were severe and two moderate (table 3) . Procedure-related AEs included one thromboembolic complication (embolic infarct related to aneurysm coiling; moderate severity), two access site complications (one severe AE associated with groin hematoma and one moderate), and a patient was discovered to have narrowing associated with the catheterized vessel origin on post-procedural imaging, necessitating medical management (severe), but without clinical sequelae. In total, two AEs (one severe and one moderate) were potentially related to the device, thereby providing a 2% device-related AE rate.
DISCUSSION
The final results of the AMERICA trial demonstrate excellent aneurysm occlusion and clinical outcomes using the PGLA-coated Axium MicroFX coils at a mean follow-up of 5.2 months. Of the patients with follow-up angiography, 90.6% of all aneurysms, 90% of unruptured aneurysms, and 93.3% of ruptured aneurysms had Raymond grade I or II occlusion. Progressive occlusion occurred in 34% of patients. A mRS of 0-2 was obtained in 99% of those patients treated electively. This prospective study suggests that Axium MicroFX coils have excellent safety and efficacy profiles.
In recent years, a number of innovations in coil coating technology have been developed to encourage aneurysm occlusion, but thus far results have been disappointing. Randomized controlled trials evaluating Cerecyte versus bare platinum coils 3 and hydrogel-coated coils versus bare platinum showed no significant differences in the primary outcome between advanced coils and traditional bare platinum coils (although recurrence was lower in the hydrogel group in subgroup analyses). 4 PGLA-coated coils were developed to reduce recurrence through bioactive microfilaments that promote aneurysm thrombosis. Animal studies showed that in comparison with bare platinum coils, PGLA-coated coils increased aneurysmal fibrosis, 5 leading to their development for human use. Thus far, retrospective and prospective, non-comparative series evaluating the first PGLA coils in humans (Matrix PGLA coils; Boston Scientific, Fremont, CA) have been inconclusive. [6] [7] [8] [9] [10] [11] [12] [13] Progressive aneurysm thrombosis was demonstrated in about 25-30% of patients 6 11 ; however, recanalization rates were unacceptably high in several of these studies (up to 54% 10 ). The only randomized trial comparing Matrix coils with bare platinum, the Matrix And Platinum Science study, showed no added benefit for Matrix coils over bare platinum, 14 although this study has yet to be published in a peer-reviewed forum.
The AMERICA series represents the first large, multicenter, prospective study to evaluate the safety and efficacy of PGLA filament containing Axium MicroFX coils. Filaments have been shown to reduce blood flow across the aneurysm neck in addition to the other previously cited benefits of PGLA. We previously demonstrated 1 that immediate angiographic occlusion in the AMERICA series was comparable to results in other large prospective series. 13 15 In addition, periprocedural AEs and mortality were low and similar to historical standards. 4 16-20 Similarly, the 3-6 month non-adjudicated follow-up data from AMERICA is comparable, and perhaps better, than coiling studies using non-PGLA technology.
In the HELPS trial recanalization was seen in 24-30% of patients by 18 months. 4 In the Cerecyte Coil Trial, composed of both unruptured and ruptured aneurysms, successful outcome at first angiographic follow-up (defined as complete occlusion, stable or improved occlusion compared with initial angiographic results) occurred in only 55% of patients, with about 6% of patients re-treated. 3 In the International Subarachnoid Aneurysm Trial, 76.5% of patients with SAH treated with coiling had a mRS of 0-2 at 1 year and complete occlusion or neck remnant was obtained in 92% of patients at 1 year follow-up angiography. 21 The more recent Barrow Ruptured Aneurysm Trial demonstrated slightly improved results, with a mRS of 0-2 in 77% of patients. By 1 year, 10% of patients who underwent coiling had been re-trreated. 22 Although the AMERICA series has a shorter follow-up than any of these studies, the self-reported results suggest at least comparable mid-term occlusion, excellent clinical outcomes, and low adverse event rates. Further core-laboratory adjudicated, prospective or randomized trials are necessary to remove any potential bias and fully evaluate the benefits of PGLA-coated Axium MicroFX coils seen in the AMERICA trial compared with other coil technologies. 
